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(54) FLOOR REACTION DETECTOR OF LEG TYPE WALKING ROBOT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a floor reaction 
detector of a walking robot capable of preventing 
deterioration of the controllability by improving the 
precision of detection and reducing the effect of impact 
when the robot touches the ground while keeping the 
standing posture stable. 

SOLUTION: The leg-walking robot has at least an upper 
body, a plurality of legs connected to the upper body via 
first joints, and feet parts 22R(L) connected to the ends 
of the legs via second Joints 18 and 20R(L}. In the robot, 
the floor reaction detector 34 is disposed between the 
second joint and the ground touching end (a sole 40, 
etc.), of each leg. More specifically, the upper part of the 
floor reaction detector is connected at a position near 
the second joint and a spring mechanism 38 whose 
rigidity is lower than a memberv(such as magnesium alloy 
or titanium) constituting the region near the second joint 
is mounted on the ground touching end of the leg. The 
lower part of the floor reaction detector is connected to 
the ground touching end of the leg via the spring mechanism. 
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*l6lSS«t'^i:4aX c(Cjft-CO;lf'y h 1 lCiiftl.^W<0 
fig|52 2a (P0(itP<^J£aJ2 2LTAS;t*>4>. 
^aiB$tcfev^-C{i[5l0^(ai<7)^gp2 2 a*>'^'|.:^t^i, t 
mz, :^m(r)Si^2 2hmijb^j:l) ii. 5feSiO;n5t 
6 4*>/i>fim:fr(6] (XWji^) mizmxtE^ (81) 
^TfSi ( Y|lli:^|6l) f^® (J£i|i) ;i^*'?tc/£<^:i), $<b 

t:, Yifc^rsj^gif'ii^Y c imx'M^mib -ofdk, 

m6 6lzmXmiiLt:J\^6 4t^tmb^iXoiz 
(00 54] MeUsli^lZ, 6lft:*J-byt3 40Xli 

m'ES4''i:#x c ( i3 ii/f YW:^ri6]iSij^4"i:>jiY c ) 
{i, ii3(=^<.TK-rpgp*'i:>i8 (zifc^isj) f t c ta 
^th, xmni^m&'^'omxcizMtxvijr.'y 

h 1 izmi>m<^&Si2 2 a i:l4. PSiJit>/C« f t c 



l*i:^Ofig52 2b(COV^t:t|5l^T'$)l.. 
[0055] ^ {c, Pg54"i:48f t c iznLX9\- 
-}j(r>SM2 2 aCOEffili. ^-n<n&^2 2 hff^&miz^ 

Lxmkifi:k^<mmixh. Mziy). 

(22b) (7)fm^<r>=fmW±i-lt^lZ. n;Jf'y h 

1 co^^{i^:mth i t ti^X'^ h . 

[ 0 0 5 6 ] CICL-C. ^<7y±^\^9V1i<r>SL^2 2 ate 

jDt) 0 , 1 o T -?-<^fi*mL^v ^i: V ^o jtmM*^S) 

j)-^T{4, pgi54"i:^ii f t c \zn\.x^vn<^^n2 2 a 

:f Ay .y i/a 3 8 2 a<7)HH4i& , 
liP2 2 bl:iES$il|, d-Ay -y X A 3 8 2 b ct 0 til < 
•thi.o\.zimX^t^, CiOidic:. ffiSco:^l=v^^'h:6-co 
£aJ2 2 alcES^tlJt :/Ay «y xjl 3 8 2 a<7)iH4i& 
i^<-rSCfC\ 5'hSr^Jia52 2ac^Hltt*«Ui-pTiB 

[0057] *;t. JEia52 20j£ffltC{4. XWim^ 

)V4 o*>m<i (ft»W{:J49ii) oy-;Hi^ffl,if/i^ 
V(>8\,zX'iXmm%'^i\.h, cimccko, ^tfin^tc 
o,-}f .y h 1 fcrf^ffl-t^ffiSS: J: 0 -Jiffi^l> C: t 
^StSlC. J£SiO««!:ft^l6l±$*T;^!;«y7^fc'* 

[0 0 58] iii'!)-:', ^Sllifl 8, 2 0{4|y|BUcJ: 
^ . f 7 ^-n^(m% 1 8 . J: y o-7i.:6-(6]iOWS5 

2 0*>/!>flt)S$fi5. :ft(W<it:{i:, 02tcS^-ri:dt. 
J£raii518, 2 0coe*>l?3S5l 8{4, *-:?iDlEl3St:J: 
■oT4l:^v:|g»:bA«^-\' (^^{cll^-f ) S-^Lt 
^5^$i^l..ri:{^J:oTlEift$^^. J£l$2 2tzn-;l.:fir 
|6] ( Xm. h 0 . *ft:Wl:J4 1 8 X c T^f fiKfflfo- 
;P:^i6i4'C^II*i?0) fc*3V^TBfMt75il)^$r4xl.. ^ 
fi. 55152 0J4, ^gB2 2c7)±:^(:^g$^i;t^-^ 

(HS^-tir-f ) <^IsISSt<J:o-C4t/il!i6::>3*^'jg3S^ir 
(0*^^f) . '<^Ph7 0tJj:lAr-y7 2 2::frtre 
a^iiS^t^cii^iBiS^n, ^SI52 2{:h-.y^:^i6j 

( Ysii^ h 0 . ^M^^zMmim^o-ivyj^^m. i s 

Xc tjfil|fP4"C^*lf t c^z^-th-^jPith'O ) 
[00 59] Z.i\.(o'^—9^Wm-fhfz^<r)YvAf<'l 

I ^T<4 6 llli^;-fe y-t^ 3 4 ffMmLmz:^\ ^mMW.zWL 

m.uz. H)>L^j:tiity^ mT&LtiXo\.z. mKiitum 
imw.^ixh^^2 2mmzmmmmi^m^Ltz 

7i—M.5 0)^j:t'mm^(r>mrMtx6mij^yi- 
34iz/>(xtixBmimt^m'ifz. tti. 
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H7-f^N'7 47!)»tf)^^-^"\tO^:*<S®|7 6*^^;t 
t ^liSSC J: o T t l^^t 6«i*-b y-t 3 4 {c y ^ 

7t. :S«sW*C«. 6i!li:^J-fey-9-3 4<^±a5i:TJl'Jy^ 

3 0c0^{=|gli0*^7 8*<:r)-4$ni.tit(:. 6ltt 
:>3-tr y 1f 3 4 COTSiSi 7 l^-A 3 8 1 CO^tC^ 2 

coxites 0*</^^tS^^|,. 
[006 1] cn4»lll*iJ:l^m2<D»»ft7 8. 80 

[00 6 2] @4lcS<S^-*-J:dlc. (6Ki:*j 

-fey-^f ) ±a5iI^ffl;X;Uh 5 enm^S 6 ai: 6«:^H: 
y-t3 4(0fa(C{i. mic^*eii'7-/vA'8 2*>':)1-S$ti 

^ma^^^JUh 5 6*<ifii-rsa54i-lc{imi <Oite»;:^ 
U-r8 4*TO^>*T.5. iiltiO, 6W:l]-t:ytf3 
4*q^Iii'J y^' 3 Ot>J:lX±Si|^4<;l^h 5 6*><5>^ 

[00 6 3] 05lc^<S^'fi3tc. (6«i:^-b 

±ail^;K/W b 5 8 cOsM^S 5 8 at 7 
-A3 8 IC^S^CJi. IS2«^^'7-/v-v8 6*S:n-4$ 
tLS, ttz. m2c7)^MM*c8 0t>J:l>'jtQ*^7W-A3 
8 K^TISil^^/l'h 583&<ifiif l.ffl:JWc{i^2«0 
*eiix'J-7'8 8*<gltt^>ii«.. ZtiizJ:*). 6m:h-^ 
y-9-3 4*^3iQ<^7U-A3 8 1 tiit^TSPIlSfflTKyP 

h5 8*><?>^^{cJg^$iiS. mitJj;iXII20ite 
»'7-yv-r8 2. 8 6, Ke^mz. f^liiit/f$2ff)1& 

m:^u-r84. 8 8hmmizmmi^m<. ipotm 

[0 0 64] C<0J:'3t> 6«!i:>3-feyi^3 4fti£{C^ 

m^^'^^-i^Kei^izmiimicomm^tizt 

[ 0 0 6 5 ] 06(i, mmwst zff)mm<r>mmi.zi^h 
emj-ty-^sAizmim^izxiy^xmm^M 

cr)mm(r)mm^zti\,^x^ii-:s^fmf^y^ xm^i^ 
izmnix\^h. 

[00 66] m^i^yu-Asai tSM7u-j^ 

5 0tt. W!UltzXotzzfJ^:/'yi^:i3 8 2i:mi^l^ 

m<7)mm±thzti)^x'^?>. L*>t=3:*<<?>, tm 



&t-t&ztx\ mT^M^mmthztipx'^h, 
[0067]<f:\.^x'm7i:^mLxzff)m(r>m2(7im 
n<mmi.zghhmmno:f.'y hmKi}tkiiimz':>\,^ 
xm^ti, 

[0 068] 07 1±. m2<^ms&mmi<zg^hmR:hm 

ajSsSrittBJ-r 5 tzibcn . la 3 mm^j:S,U 2 2 R . L<r> 
0 *> . tPO/SSP 2 2 Li7)iSiii0t'ft & . 
[0069] IsHKc^T^tct^l:. 6ll!i:>J-fe>'-9-3 4Ji. 
l5l-iIil±(CieSSn;^c2fflc7):fA7'-yi^a382 (3 
82FahRb, S>l.l/^{i3 8 2 Rai: F b . V^-ftlt 
-ewT*lCfil[aW*-'N'^-»«l«Effl;K;H- 3 8 3X'7jkt) 

$<o(di. 4<iiO:^A7'-y>'a382 (3 
8 2F. R. a. b) HJ:-5-CJgB!t§^i.|,|g«}g. ^f*: 

mziimj^imAfo^nm (X'OMmn.zimmmM: 
(^jEum ) co»'M+jg 13 z fiii:6-f6];ssft"i:^is z c 

[0 07 0] tfz. zcommmmcr)^. zf^y^yi^ 

i382FbJ;0i)382FajDj;t/382RbSr, 3 
8 2 F a t> 8 2 R b i 0 1 3 8 2 R a<7)i!H4 
< -f S ; i: -C, SUgaaiS J:t^M'^r<7)ijaiJ 2 2a cORBItt** 

[ 0 0 7 1 ] jsa, f&conmz-o^^xm^coms&mm 

[ 0 0 7 2 ] <>:v ^T-H 8 L T >! c7)^BJom 3 con 

[0073] laStt, ll3<0|IM<OJgSSfc:«4fl5R*« 

SiS^iliHBt-S^i^O, E3^|5l«l=5rJEa52 2R. L<7) 

o-h. tEmcoR.^2 2 L<D^mmx'h^, 

l0074]mmi>z^tXdiz. 6m:h-tyv34ii. 
3ji<0:fA7'«/i^a382 (382F. Ra. Rb) iz 

x-yxm^^tLi>^nm. Mmuimj^mn^<r> 
iERnmcom't''nj5:izzmni^^M'p'iMz ctmst 

I.. 

[007 5] tfz. z(r>mm>mm<r)^. dj^-z-vi^ 

J.382F X^h382Rb(7)m'&i'^<thtmz. 
3 8 2 R b J: 0 1 3 8 2 R a cr)iItt5rS< 1- & d i: T\ 

mMm.iiXX/'f\-:n<r)^U2 2 B.<r)W&timt oTiJAtt 

*^'iii]±L, x->xmi.m(r>mmmm^<^msif)^it^ 

T^^hZttli^j:\\ 
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[0 07631^, m<Dmmz^\,^ximi&<omii6<^BB 

'}f^^j:< t t±fis 24 fne±*(cm i <mw ( ispss 
{h^\>'^i!mm .mm 0. 12. i4R(l)) 

^S518. 20R (L) ) J:n-LriS|g$ilS£S|52 2 

R ( L ) ff)mmQi:'ftLxmmi)^(if^m-rh0m.i}im 
m-ttmRij^ta^ < 6!itt:>]-fey9-3 4 ) tri^it^m^ 

aiss:. iifBii2coRif5tH5ie£aj<^^it!>« ou^mm 

ft3 8. y-;M0, £E7U-A5 0i5j:{Xaig7-W 

- h 5 2 ) (omizmmrtix 0 m0.ifc. 
[ 0 0 7 8 J ^fc. mEim2(ommmizmMimKm 
ta^c^-mmm-t^tMz. mm^comimimi 
m?m2ff)miimmmhm (rmv y^^so) 

xiSi\'^mizmimiJtkiiin(ofi^i:mmi-^xd{z 

[00793 mmut. Bfiemtfcisv^Tffiv^gjw 

[00803 3:^. ^tssi^<mmii'jf^j:< 1 1 2ffii«0 

w\m i^j^r-y i^ji382) ^rmtitmz. mm 

[ 0 0 8 1 3 nm^^K 1 1 2<ao3¥tt«$-iine 

^zf}i^<o&mmw^t^?>xoizEn-th {^j^r-yi^x 

38 2 F, R) tstc. 1l>iiEfl^S:*3:Ka5^Wam«<0 
[00823 Hirfe^^^< 1 1, 2fflo3¥tt*t^Bal2 

^(o&mm^b^ hXoizmm^ (^fj^yyi^^ss 
2 a . b ) ti^tc, mmKmiiimmmm<7){fLW: 
mmtKchx 0 ^zEm^tvtzmm<^mizRm-^ x o 
(izm^uz. 

[ 0 0 8 3 3 ^it, msi^^^immin (n^3)mff) 

izmm^^zt5K^xminm(^^ii.$ti:mAtti nnm 
ffimt^w&i.zmmth x o \,zm^ tfz . 
[0084 3 mm'm<no-ib. mism-^^u 
d?-y v<mmmzi5\.^xmtm^-^^\i!,^x o 

{CEaUc5¥14^f (:rA7-yi^^38 2R, Ra, R 

b ) <nm/&i, mwm.K:h^\^^i:^i,wmzWMUz 
3H4« (:/i^7''yi^a3 8 2F. Fa. FhXm^i. 



•y b (mf*«{3ttiHisi54"i:>i8f t c ) m-)nzum.Lfz 

WttW (^Ar-yxa382a. Fa. Rs-XTiWIt 

:^{cSSL^c3ltt1^ { :f -y A 3 8 2b. F b . R 
b) <^littJ:0t:«c^<iftS^5J:a(3ffifi!tL^. 
[ 0 0 8 6 ] ^/i, mrie^RS:>]«iai§5«^#jfitcf&^ 

(lllfcJ:lX||2cO|gM5f'|:7 8, 80, mifeJ:l>'m2 
(0*^'7-yi^^82. 8 6, HI jDj:l>'||2c^^;?.'J 
-^84. 88) ^gttSJ:dt«B£t^. 

[0 087] i^, ±iBt:fcV%T. :/Ar'yi^i<7)ia^3 

ttScOnia (n^3) Od-AT^'yi^aSrfflV^tffi 

^^Ltz^ijm dEtm) h^^^iijEEnmizm^tiiii 
<^xm< . ^ZizmAm^'^m.<7)^^im.mixBi 

<. mii^<7)Mm^iz6m:h-^y^34t:mm-i>X 
oizitm^W 

[0 088] tfz. ±mLtzm^<7)mcomhsmi 
tih(^m^ti-r. m'SMmixi>^\<^z.}:.itmdtx' 

[0 089] 11/^, r^j^r-yi^Acmmumizmtx-^ 

com\t^:^m^-tlXdizm^Uzi)K ZiHi. m<r) 

[0090] tiz. 2s.mf^^^'yh^mizb'ixm^ 
xt^^t&i,<DX'hi. 

[0091 J 

ifim(rmsk]mmimizt5\>^xii. x*)wmizis: 

±$ith:iti)^x'^ibmz. mKijmmtmb(r> 
^iz&mmik^mmtiiztt^j:^xmm<r>m 

t mmmt (T^mz&^mimmtEt^ ztt^j:*). 

[0092] mm2mizi5\,^xii. &mzmm:m 

bt^X'th. ttz. mK:fJ^lii^X*){^TmzWm^ 
If^tilb^iz. ^<7)±^ (J:0±<*{cj£v^a5fi) im 
\>mitb$tiizbi)^(y. mR:h(7)^mmi:I:io~lS 
f^±^^t&Zbi>^X'^lb^iz. tUtHLfzmKiJbm^ 

izo7i( yhtzm'ti:fjii^w:L. mm^a^imt^ith 
[0093] mm3mlz}5\,^xii. mmuz<obmm 
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10 0 94] a*«4JS(cj3v^-c{i. mm&iii'o- 
[0095] mT^5mizts\,\xii. m±^<7mffm 
[0096] m^memiza^^xii., m±m(r)mni}\^ 

[0097] fl^3S7i|{cfcv^Tli. v^*>'Sr^:fri6i*^<5> 

[0098] mt^smzii\^x\i. mwm.<m'&.im 
t^xmx'&.t^^i.L. i,->xmim(^m^mm^(r> 
wmmtmstthztifix'^. s^ttfei:i/ffcR:>3 

[0099] fl5RJS9«(;fev^TI4. IHlgP4''i:^J9{3«L 

xm\,zm.'fhm(^m'&t^ts'>xmiK'm\^±. 
^-^xmmmmm&i^<mnm^itm±-f 

[0100] H^^li OJltcijv^Tli, mK:fjtktii^m 

)a«o#i£t;Es$ timmmm'i-:^^j:t'iz^^m 
imi] zco^co-'^ff^mmcrtmmizmm^^fia 

[02 ] iait5^-fp-*Mfo,-K>y hff)R.m<ommmi 

mmx'h&. 

[ H 3 ] 0 2 izTjKt&^commx'h h . 

[04] 
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[04 1 02tc^irnSf®0O-a{*J£:*:Ufca5^Sfc^iBr 

[05 ] 02{2^^-rBrffi0^)-a5^i£;*;L^04i:|pI« 

tcmmmmmx'hh. 

^tmmmt.zmhmwj]W(.m^mh j a x<rmL 
[07] z<^wmw,2<nm.<r)nmiiz'^hmm^'o 

0-C'$>l). 

[08] z<rmm%^<ry%W)Wmz%hm^mi'o 

0T'*>S. 

[i?^<7)iKBB] 
2 Kigpyy:? 

24 ±«: 

18. 2 OR. L JSWBSSif (m2iOrafii5) 

2 2R. L J£g|5(J£¥) 

3 0 -TW)y9 

3 4 tmi^y^ {m.-mm) 

3 8 ^N'^^»««c 

38 2 rfAryJ^a (5*tt*f> 

4 0 V-;P 

5 0 £JS7U-A 

5 2 jasru-h 

7 8 miiO^m 

8 0 ^2<rmm 

82 ||lC0te»7yi^^ 

84 ^immx^)--^ 

8 6 ^2<7)^7.yv'^ 
88 m2C0ffiS;?.U-7' 

[05] 
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F^'-A(##) 2F051 AAIO AB06 BA07 DA03 DB03 
3C007 AS36 CS08 HT36 KS34 KW03 
KX12 WAD WC23 



